We present a case report describing a patient in whom the tuberculous etiology of central nervous system (CNS) tuberculosis with extremely rare presentation, namely en-plaque tuberculoma, was established by PCR.
Case report. A 62-year-old Indian man, who was a scientist by profession, was admitted to the neurology ward of Sree Chitra Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram, India, with a 25-day history of low-grade intermittent fever and sore throat. Two weeks into the illness, he had developed cough with mucoid expectoration, for which he had received azithromycin for 3 days because of a right lower zone pneumonia tentatively diagnosed on the basis of X-ray findings of pneumonitis present in the lower zone of the right lung along with clinical features of pneumonia. Three days prior to hospitalization he had developed continuous severe bifrontal headache and vomiting. The day prior to admission he had become delirious, could not identify his relations, and talked out of context. He had had no other significant medical illness, nor did he have any other prominent systemic symptoms. He had no history or family history of tuberculosis. At entry, he was febrile (99°F), conscious, disoriented, and restless (his pulse was 100 beats per min, and his blood pressure was 120/70 mm Hg). Systemic examination excluding the nervous system was unremarkable; however, neurological examination revealed a confused individual who was disoriented as to time, place, and person. The optic fundi showed mild papilledema in both eyes. He had a left homonymous hemianopia judged by menace. There was no other cranial nerve dysfunction or lateralizing motor deficits. Reflexes were normal. He had neck stiffness and a positive Kernig's sign.
Laboratory evaluation revealed normal results for urine analysis, blood counts, and biochemistry. The sedimentation rate was 14 mm/h. Examination of cerebrospinal fluid (CSF) showed 200 leukocytes/mm 3 , which were all lymphocytes. The protein content in CSF was 80 mg/dl, that of sugar was 104 mg%, and that of immunoglobulin G was 7 mg/dl. There were no demonstrable bacilli, acid-fast bacteria, or fungi in the smear. CSF culture and enzyme-linked immunosorbent assay for Mycobacterium tuberculosis were negative. Computed tomography (CT) of the head showed an irregular enhancing lesion involving the right occipital cortex and suggestive of early cerebritis. Magnetic resonance imaging (MRI) of the brain showed a meninges-based lesion limited to the tentorial surface and the posterior falx on the right side, with nodular enhancement. There were parenchymal edema and mass effect with minimal subfalcine herniation ( Fig. 1A and B) . The MRIbased diagnosis was en-plaque tuberculoma. En-plaque tuberculoma is an uncommon manifestation of CNS tuberculosis and presents as a solitary, focal, caseous plaque-like lesion, globular or irregular in outline and 1 or 2 mm to 1 cm in diameter, situated deep in a sulcus in relation to the meninges. It is considered to be a likely source of diffuse meningitis and is the result of bacillemia that occurs during the development of the primary lesion or after primary progressive infection (12) . The CT findings for en-plaque tuberculoma were described for the first time by Welchman in 1979 (15) . It is possible to diagnose this type of CNS tuberculosis based on MRI characteristics like those described for our patient; the notable feature is its plaque-like extension in the meninges together with marked nodular enhancement on contrast administration (1, 3, 9) . However, to increase the confidence in the diagnosis of tuberculosis, confirmation by microbiological or histological means, namely, by demonstration of acid-fast bacilli or caseating granuloma, respectively, is desirable.
In this patient, diagnosis was confirmed by detection of M. tuberculosis DNA in CSF by PCR with an assay based on amplification of devR gene sequences. The devR gene (GenBank nucleotide sequence accession no. U22037) encodes a response regulator that is part of a two-component signal transduction system of M. tuberculosis identified in our laboratory (1a) . By using DNA from 22 mycobacterial species (including those of the M. tuberculosis complex and Mycobacterium leprae) and 12 nonmycobacterial species, a 513-bp fragment was amplified from DNA of organisms that belong to the M. tuberculosis complex and not from DNA of other mycobacteria and nonmycobacterial species ( Fig. 2A and C) . The authenticity of the amplified product was established by hybridization of immobilized PCR products to an internal oligonucleotide, devR1, mapping within the devR gene ( Fig. 2B and  D) .
DNA was isolated from the CSF specimen of the patient by heating the sediment in 0.1% Triton X-100 for 20 min at 95°C. The devR gene target was used for the PCR test, as it was extremely specific for organisms belonging to the M. tuberculosis complex. Briefly, 40 l of a reaction mixture containing 0.5 M (each) primers devRf and devRr (devRf, 5Ј GGTGAG GCGGGTTCGGTCGC 3Ј; devRr, 5Ј CGCGGCTTGCGTCC GACGTTC 3Ј), 0.2 mM deoxynucleoside triphosphates, 1.5 mM MgCl 2 , and 1.0 U of Taq DNA polymerase and 2 l of concentrated CSF specimen were subjected to amplification (together with inhibitor check reactions) with the following profile: 10 min at 94°C followed by 35 cycles of 1 min at 94°C and 90 s at 70°C and a final extension of 10 min at 72°C. Reaction mixture (35 l) was electrophoresed on a 1% agarose gel, and the amplified product was visualized by ethidium bromide staining (Fig. 3A) and was further confirmed by Southern blot hybridization with 32 P-labeled oligonucleotide devR1 (Fig. 3B) . The test was completed in 36 h, and the result was made immediately available to the treating physicians (authors M. D. Nair and K. Radhakrishnan).
After PCR-based diagnosis, the patient was treated with four antitubercular drugs, i.e., isoniazid (300 mg), rifampin (450 mg), pyrazinamide (1,500 mg), and ethambutol (600 mg), in combination with tapering doses of steroids for 5 weeks. He showed steady improvement in his clinical status with subsidence of fever and improvement in general well-being by the time of discharge (after 12 days of hospitalization). A repeat MRI study performed after one and a half months of antitubercular chemotherapy showed reduction in the swelling of the right occipital lobe as well as of the meningeal enhancement. The parenchymal enhancement seen previously also had disappeared ( Fig. 1C and D) . The day after the repeat MRI study, he was back at his laboratory and worked regular hours. Three months later, ethambutol was withdrawn; the other three antitubercular drugs are being continued for a period of 1 year. The latest MRI study, done after 6 months of antitubercular treatment, revealed almost-normal findings except for healed scar sequelae (not shown).
Discussion. This particular patient presented initially with a symptom of pneumonia, and later early cerebritis was suspected on the basis of CT scan morphology. However, MRI of the brain suggested a diagnosis of en-plaque tuberculoma. Although tuberculosis of the CNS is a rare entity in developed countries, it continues to pose a major health hazard in developing countries, including India (2, 8) , and can present with diverse manifestations (11). As mentioned above, en-plaque tuberculoma is an extremely rare presentation of CNS tuberculosis, and in this patient, the demonstration of M. tuberculosis in the CSF specimen was critical in clinching the diagnosis in the face of negative results for the smear, enzyme-linked immunosorbent assay, and subsequent culture. On the basis of MRI findings, antitubercular drugs were started and continued in the light of a positive PCR result for M. tuberculosis. The patient demonstrated a good response to antitubercular drugs, and this was reflected in repeat MRI studies. Thus, in this patient, PCR assay was found to be a sensitive test for detection of M. tuberculosis DNA in CSF that was both smear negative and culture negative.
Although there are many reports on the use of PCR on CSF specimens for diagnosis of tuberculous meningitis (4-6, 10, 14) , to the best of our knowledge, this is the first report on diagnosis of en-plaque tuberculoma by PCR. While MRI provided an understanding of the topography of the lesion, PCR helped in establishing the diagnosis of tuberculosis. In the absence of microbiological proof, the treatment of brain tuberculoma requires an empirical trial with antitubercular drugs for a period of 6 to 8 weeks with follow-up MRI or CT scans to examine resolution of the lesion (7, 13) . Therefore, we believe PCR holds promise for use as a routine diagnostic tool in the rapid detection of M. tuberculosis in paucibacillary specimens, such as CSF. 
